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Introduction

Common bean (Phaseolus vulgaris) in
Brazil is grown divided into three crops: the first in rainy season, the second in the dry season, and the third is an irrigated crop. The irrigated crops of 2017 covered an area of 589 thousand hectares and had grain yield of 1,050 kg ha -1 . Grain yield in the state of Goiás, Brazil, was 2,800 kg ha -1 in 2016 and 2,900 kg ha -1 in 2017 in an area of 60,000
hectares (CONAB, 2018) .
The cultural, agronomic, and technical characteristics of common bean crops favor its use by small farmers. In addition, common beans have high protein content (22%); it is a staple food that is consumed with rice by millions of Brazilians (Salgado et al., 2007) .
High grain yields of common beans can be achieved with irrigation and intensive use of agricultural inputs; some cultivars reach production of up to 4,000 kg ha -1 (Farinelli and Lemos, 2010) . Low common bean yields are usually due to incorrect management, mainly of fertilization; deficiency of nitrogen directly affects this crop yield. Considering the high cost of nitrogen fertilizers, studies of techniques that can increase their efficiency are necessary .
According to Moreira et al. (2013) Controlled-release nitrogen fertilizer has a protective layer against agents that cause nutrient loss, and do not affect nutrient availability to the plant. In addition, the coating used in this fertilizer allows a gradual release of this nutrient, which is different from that of conventional soluble nitrogen sources . Santi et al. (2013) evaluated nitrogen applications in common bean crops and found lower yield in treatments with 100% of the nitrogen applied at the emergence of the seedlings; the higher yields were found when 100% of the nitrogen was applied at 28 days after the emergence. This can be attributed to the low nitrogen uptake by the seedlings due to their small roots at this stage, increasing nitrogen losses.
Crop growth analysis consists in evaluating the dry matter assimilation and accumulation, and leaf area of plants, and assessing factors that affect crop development, and final yield (Ghamari and Ahmadvand, 2013) , using gravimetric, area, and plant component data. Santos et al. (2015) used growth analysis to evaluate different fertilization rates in common bean crops and found an increase in dry matter and leaf area with increasing fertilization rates, which probably affected positively grain yield.
In this context, the objective of this work was to evaluate the effect of application of different rates of controlled-release nitrogen fertilizer-dimethylpyrazole phosphate (DMPP)-at sowing and as top-dressing on agronomic performance and leaf area index of irrigated common bean crops grown in the Brazilian Cerrado biome region.
Material and methods
The experiment was conducted at the The ratio between the area delineated and the These biometric values were used to obtain the crop growth rate (CGR) and the relative growth rate (RGR) according to Santos et al. (2015) .
Results and discussion
The mean squares were significant for agronomic characteristics and yield of the common bean plants evaluated in 2015
and 2016 (Table 1) . There was no significant Applications of 100S may reduce application costs and nitrogen application as top-dressing.
Significant interaction between N application times and rates was found in 2016 (Table 3) . 
The number of grains per pod (NGP)
did not fit to regression models as a function of nitrogen rates (Table 2 ). The use of 50S50T resulted in an NGP of 5.05; the application of 100S resulted in an NGP of 4.66; and the application of 100T resulted in an NGP of 4.43 in 2015 (Table 2 ). The N application form affected the NGP in 2016 (Table   2 ); the application of 100S resulted in a higher NGP (6.5).
Thus, when the N is applied at early stages, it increases NGP. However, Ramos et al. (2014) found no difference in NGP for the N rates of 0 (3.64) and 100 (3.60) kg ha -1 , for 100S and 100T, respectively.
The 1000-grain weight of the plants as a function of nitrogen rates did not fit to linear or quadratic models (Table 2) . No difference was found in 1000-grain weight due to N application 100S = 100% at sowing; 100T = 100% as top-dressing; 50S50T = 50% at sowing + 50 as top-dressing. CV = coefficient of variation. Means followed by different lowercase letters in the columns differ by the Tukey's test at 5% probability.
forms in 2015 and 2016 ( 100S = 100% at sowing; 100T = 100% as top-dressing; 50S50T = 50% at sowing + 50 as top-dressing. CV = coefficient of variation. Means followed by different uppercase letters in the columns, and lowercase letters in the rows differ by the Tukey's test at 5% probability.
Regarding the nitrogen rates, the PH data fitted to a quadratic model, with the highest PH reached with the rate of 117.97 kg ha -1 in 2015 ( Figure 1A ). PH data fitted to a linear model when using 50S50T, with increases in PH with increasing nitrogen rates in 2016; however, PH fitted to a quadratic model when using 100S and 100T ( Figure 1B) .
The N rate that resulted in the highest PH was 122.22 kg ha -1 when using 100S, and 187.5 kg ha -1 when using 100T ( Figure 1B) . Soratto et al. (2006) evaluated different sowing times and found higher yields related to greater plants; thus, larger, and more branched plants can produce greater number of reproductive structures.
Nitrogen application forms had no significant effect on grain yield (GY) ( Table 2) in 2015 or 2016. Thus, the use of 100S may be adopted by producers without GY losses and contribute to reduce operational costs. Nascente et al. (2016) TDM data fitted to a quadratic model (Table 4) According to Santos et al. (2015) , the CGR of common bean plants of the Pérola, and IAC-Alvorada cultivars subjected to N, P, and K fertilization rates (0%, 50%, and 100% of the recommended rate) increased up to 55 DAE.
These different results are related to differences in the cycles and growth habits of the common bean cultivars.
The relative growth rate (RGR) is based on the TDM produced by the crop. The RGR of all treatments fitted to linear models, with decreasing in RGR over the cycle for the different N application forms ( Figure 4A ) and rates ( Figure   4B ).
This result agrees with that of Ghamari and Ahmadvand (2013), who evaluated Crop growth rate of common bean plants of the BRS-Estilo cultivar subjected to different nitrogen application forms (100% at sowing -100S, 100% as top-dressing -100T, and 50% at sowing + 50% as top-dressing -50S50T) (A) and nitrogen rates (0, 60, 120, and 180 kg ha -1 ) (B) as a function of days after emergence (DAE).
Com. Sci., Bom Jesus, v.10, n.1, p.158-167, Jan./Mar. 2019 common bean crops under 45 kg ha -1 of N, and weed infestation. They found reduction of RGR over the cycle, which is caused by auto shading, production of non-photosynthetic tissues (pods and grains) that drain photoassimilates, and occurrence of greater respiratory activity .
Conclusions
The effect of nitrogen fertilization on production components of common bean crops depends on their development stage.
The application of a nitrogen rate of 123.98 kg ha -1 on common bean plants grown in Nitossolo (Oxisol) increases grain yield.
The application of 100% of the nitrogen rate at sowing does not affect production components of common bean plants when using controlled-release nitrogen fertilizer, which reduces mechanized operations.
The highest total dry matter was found at 57 days after emergence, and the highest leaf area index was found between flowering and pod formation, regardless of the treatments used.
Nitrogen application forms and rates do not affect the crop growth rate and relative growth rate of common bean under the conditions of this study. . Relative growth rate of common bean plants of the BRS-Estilo cultivar subjected to different nitrogen application forms (100% at sowing -100S, 100% as top-dressing -100T, and 50% at sowing + 50% as top-dressing -50S50T) (A) and nitrogen rates (0, 60, 120, and 180 kg ha -1 ) (B) as a function of days after emergence (DAE).
